Background: Childhood obesity has increased dramatically during the past decades; however, data on the prevalence of morbid obesity is limited. The present study examined the prevalent trends in morbid obesity among children and adolescents during the past 19 years (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) in Shandong, China. Methods: Data for this study were obtained from five cross-sectional surveys (1995, 2000, 2005, 2010 and 2014) of schoolchildren in Shandong Province, China. A total of 41 500 students aged 7-18 years were included in this study. Body mass index cutoffs recommended by the International Obesity Task Force were used to define morbid obesity. Results: The prevalence of morbid obesity was increasing continuously during the past 19 years (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014), from 0.25% for boys and 0.11% for girls in 1995 to 2.73% for boys and 1.29% for girls in 2014. Boys had higher prevalence of morbid obesity than girls (p<0.01). Regional socioeconomic status (SES) inequalities in morbid obesity were observed; children and adolescents from high SES district had a rapid increase in the prevalence of morbid obesity than their counterparts from moderate SES and low SES districts in the past 19 years. Conclusion: Although the current prevalence of morbid obesity was at a relatively low level, a continuous increasing trend was observed between 1995 and 2014. We should not relax our vigilance, and policymakers and experts should pay more attention to the monitoring and prevention of morbid obesity among children and adolescents in the future decades. 
were three times more likely to meet criteria for metabolic syndrome than their moderately obese peers [9] .
Accurate estimates of the prevalence and severity of childhood obesity are needed for policy decisions and directions for future research. However, data on the prevalence of severe obesity in children and adolescents is limited, particularly with regard to population representation. The International Obesity Task Force (IOTF) recently developed a new body mass index (BMI) cutoff for 'morbid obesity' in children, corresponding to BMI 35 at age 18 years [10] , which provides convenience for the assessment of morbid obesity and comparison between countries.
The prevalence of overweight and obesity among Chinese children and adolescents has been well described in many studies [11, 12] . However, the prevalence rate of morbid obesity has not been reported previously. Shandong Province, located in the lower reaches of the Yellow River, facing Japan and the Korean Peninsula to the east, is an important littoral province in East China. It has a total area of 156 700 km 2 (about 60 500 miles 2 ) and a total population of 97.47 million in 2014 (http://www.stats-sd. gov.cn/tjnj/nj2015/new/indexch_new.htm). In this article, we report the prevalent trends in morbid obesity among children and adolescents over the past 19 years (1995-2014) in Shandong, China.
S U B J E C T S A N D M E T H O D S
The study was approved by the ethical committee of the Shandong Center for Disease Control and Prevention, Shandong, China. relatively high SES), Yantai (an eastern coastal district with moderate SES) and Jining (a western inland district with relatively low SES) as survey districts, and using randomly selected primary and secondary schools, the sample proportions in these three districts in each survey were equal. Six public schools (two primary schools, two junior high schools and two senior high schools) from each of the three districts in Shandong were randomly selected and invited to participate in the survey. From the selected schools, two classes in each grade were selected, and all students of the selected classes were invited to join the study. All subjects were primary and secondary students, ranging from 7 to 18 years of age, and all were of Han ancestry that accounts for 99.32% of the total population in Shandong. Most importantly, the schools from which the subjects were sampled were relatively stable since 1995, and the method and quality control of measurements of five surveys were the same.
Study population

Measurements and definitions
All measurements were performed by well-trained health professionals in each of the three districts using the same type of apparatus and followed the same procedures. Height without shoes was measured using metal column height-measuring stands to the nearest 0.1 cm. Weight was measured using lever scales to the nearest 0.1 kg while the subjects wore their light clothes. BMI was calculated from their height and weight (kg/m 2 ). The BMI cutoffs recommended by the IOTF were used to define 'moderate obesity' (corresponding to BMI 30.0-34.9 at age 18) and 'morbid obesity' (corresponding to BMI 35.0 at age 18) [10] .
Statistical analyses
All subjects were stratified by gender, age stage and districts. Prevalence rates of obesity were determined, and comparisons between different groups were made by v 2 test. All analyses were performed with the statistical package SPSS 11.5. Significance was defined at the 0.05 level.
R E S U L T S
The prevalence of moderate and morbid obesity in boys and girls aged 7-18 in different years is shown in Table 2 . A continuous increasing trend was observed during the past 19 years (p<0.01); for boys, the prevalence of moderate and morbid obesity increased from 1.39% and 0.25% in 1995 to 7.71% and 2.73% in 2014 (p<0.01), and for girls, increased from 0.42% and 0.11% in 1995 to 3.23% and 1.29% in 2014 (p<0.01), respectively. On the whole, the total prevalence of obesity increased from 1.64% (boys) and 0.53% (girls) in 1995 to 10.44% (boys) and 4.52% (girls) in 2014 (p<0.01). These figures were all significantly higher in boys than in girls (p<0.01).
The prevalence of morbid obesity by gender and age stage is shown in Fig. 1 . For children (aged 7-12 years), the prevalence of morbid obesity increased from 0.39% (boys) and 0.11% (girls) in 1995 to 3.93% (boys) and 1.95% (girls) in 2014, by 3.54 (boys) and 1.84 (girls) percentage points, and for adolescents (aged 13-18 years), increased from 0.11% (boys) and 0.11% (girls) in 1995 to 1.51% (boys) and 0.63% (girls) in 2014, by 1.40 (boys) and 0.52 (girls) percentage points, respectively, indicating that the increment is bigger in children than in adolescents.
The prevalence of morbid obesity in boys and girls aged 7-18 in different districts is shown in Fig. 2 . Regional SES inequalities in morbid obesity 1995  2000  2005  2010  2014  1995  2000  2005  2010  2014   7  300  318  344  316  419  300  357  343  302  427  8  300  361  371  318  406  300  364  362  323  371  9  300  331  357  305  422  300  334  359  315  412  10  300  395  377  320  413  300  376  388  327  405  11  300  376  354  301  416  299  379  366  317 D I S C U S S I O N It has been recognized that children and adolescents with morbid obesity are at a high risk of suffering obesity-related comorbidities, mainly including high blood pressure, high fasting glucose, high total cholesterol, low high-density lipoprotein cholesterol, high low-density lipoprotein cholesterol and high triglycerides [13, 14] . To the best of our knowledge, this is the first study examining the prevalent trends in morbid obesity by the newly IOTF definition among children and adolescents in Shandong, China. This study displayed a more clear profile of obesity among children and adolescents in this region, which will provide scientific basis for the prevention and control of childhood obesity in the future.
Lombardo et al. [15] reported 2.7% of Italian children aged 8-9 years were severely obese in 2010 (IOTF cutoffs, corresponding BMI 35.0 at age 18). In the current study, we found that the corresponding figure was 2.0% in Chinese age-matched children in 2010, indicating that Chinese children had a lower prevalence of severe obesity than Italian children. Few studies reported the trends in morbid obesity among children and adolescents. Using the IOTF definition, a study from Australia has shown that the prevalence of morbid obesity in children aged 7-15 increased from 0.2% in 1985 to 1.8% in 2012 [16] . Another study from New Zealand has also shown that the prevalence of morbid obesity in adolescents increased from 2.5% in 2007 to 3.7% in 2012 [17] . In the current study, we found that the prevalence of morbid obesity among children and adolescents aged 7-18 increased from 0.25% (boys) and 0.11% (girls) in 1995 to 2.73% (boys) and 1.29% (girls) in 2014. Although the prevalence of morbid obesity was at a relatively low level, a continuous increasing trend was observed. We should not relax our vigilance; it can be inferred that along with the rapid economic growth and urbanization, morbid obesity may increase in the future decades; policymakers and experts should pay more attention to the monitoring and prevention of morbid obesity among children and adolescents.
Obvious gender difference in obesity was observed in the present study. Boys had higher prevalence of obesity than girls, it may be related to the society's traditional preference for sons particularly in rural areas, and boys are likely to enjoy more of the family's resources [18] ; boys prefer to have a larger body size than girls [19] . We also found that children (aged 7-12 years) showed a rapid increase in the prevalence of morbid obesity than adolescents (aged 13-18 years) between 1995 and 2014. The reason is still unclear, it may be related to the difference in lifestyle and dietary pattern between the two age stages; compared with children, adolescents generally pay more attention to their body shape and engage in more physical activity [20] . SES may play an important role in the development of obesity, because SES may affect lifestyle, including a population's access to food and patterns of physical activity, and as a result, influence their energy balance [21] . In general, an inverse relationship between childhood obesity and SES was observed in developed countries [22] [23] [24] , and a positive relationship was observed in developing countries [25, 26] . In the present study, we found that children and adolescents from high SES district (Jinan) had a rapid increase in the prevalence of morbid obesity than their counterparts from moderate SES (Yantai) and low SES district (Jining) in the past 19 years, the SES discrepancies might partially explain the regional difference in the prevalence of childhood obesity. China is the biggest developing country with highly unbalanced regional development, our results also suggested that more attention should be paid to the prevention and control of childhood obesity in high SES districts. The worldwide prevalence of childhood obesity has become a serious public health problem. Recent reports indicated that the increase in childhood obesity is much more rapid in developing countries than in developed countries [2] . In China, along with the rapid economic growth, children and adolescents are becoming increasingly overweight and obese. Based on a national survey in 2010, it was estimated that 9.9 and 5.1% of Chinese children and adolescents aged 7-18 years were overweight and obese, representing an estimated 30.43 million individuals [12] . In the present study, we found that the total prevalence of obesity has reached 10.44% for boys and 4.52% for girls in 2014. This situation should arose our high attention, comprehensive strategies of intervention should include periodical monitoring, education on pattern of nutrition, physical exercises and healthy dietary behavior, to achieve reasonable dietary intake, increase physical activity, a change in sedentary lifestyles and corresponding behavioral modifications.
Various terms have been used in the literature, such as 'severe obesity' [8, 13, 14] , 'extreme obesity' [27] and 'morbid obesity' [10] , but the American Heart Association recommends that this condition be called 'severe obesity' [14] . To be consistent with the IOTF definition [10] , we use 'morbid obesity' in this study. Similarly, to distinguish from 'morbid obesity', less obese individuals (corresponding to BMI 30.0-34.9 at age 18) were referred to as 'moderate obesity'.
The present study has the following limitations. First, data for this study were acquired from five independent cross-sectional surveys spanning 19 years rather than from a longitudinal cohort study, thus preventing further assessment of cohort and time effects. Second, the absence of detailed information concerning family economic status, living environments, dietary patterns and physical activity at the individual level also limited our study.
In summary, this study is the first to describe the secular trends in the prevalence of morbid obesity by the newly international definition among children and adolescents in Shandong, China. Although the current prevalence of morbid obesity was at a relatively low level (2.73% for boys and 1.29% for girls in 2014), but a continuous increasing trend was observed over the past 19 years (1995-2014) . Considering the strong relationship between morbid obesity and negative health outcomes, we should not relax our vigilance and policymakers and experts should pay more attention to the monitoring and prevention of morbid obesity among children and adolescents in the future decades.
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